This research seeks to examine and introduce an appropriate method for evaluating and selecting suppliers in multiple sourcing and compares two efficient and effective methods, i.e. MADM and ANN for selecting the suppliers. The results of using the methods are compared with each other by using the measurement criteria such as RMSE, NRMSE, and R 2 and they indicate that ANN could perform relatively better than MADM methods.
Introduction
In recent decades, due to the rapid growth of environmental variables and the increase of competition, supply chain management has become highly important and companies have to make a strong and consistent relationship with their suppliers in order to be successful in this chain (Senvar et al., 2014) because selecting appropriate suppliers has an important role in reducing the total costs of production systems (Tahriri et al., 2014) and can also have a direct effect on the quality, flexibility, and timely delivery of goods and services to the market (Luo et al., 2009) . With globalization of trade and increase of international relations and the possibility of selecting suppliers from all over the world, the complexity of selecting and allocating orders to suppliers has increased (Hadian, 2009) . Other issues such as transportation routes, state regulations, political concerns such as sanctions and the increase of exchange rate and the rapid changes in customer preferences have doubled the complexity of the problem and have increased the organization concerns every day for selecting the suppliers. Basically, the problems related to supplier selection are of two types: 1) single sourcing, 2) multiple sourcing. In the first case, the supplier can meet all customer needs while in the second case; none of the suppliers is able to do it alone and the company has to select more than one supplier (Deshmukh & Vasudevan, 2014) . Supplier selection is a multicriteria problem including both quantitative and qualitative criteria as well as tangible and intangible ones and some of them are contrary to each other; for selecting the right suppliers it is necessary to use an appropriate method. Therefore, and with respect to the fact that few studies have been done on multiple sourcing (Rabie et al., 2011) , this research seeks to introduce an appropriate method for optimal supplier selection by comparing MADM and ANN in multiple sourcing.
Literature Review
As defined by ISO 9000, any organization or individual that provides a product is called a supplier (Arabzadeh, 2011) . In general, the supplier selection issue consists of two steps. The first step is to determine the criteria, which are used for selecting the supplier and the second step is to determine an appropriate method for selecting the supplier (Asghari & Abrishami, 2014) .
Most of the articles on supply chain management since 1990 have investigated the relationship between buyer and seller and the supplier selection criteria. Dickson (1996) is one of the first people who investigated the matter. He identified 23 evaluation criteria. Then, Lin and Chen (2004) made a comprehensive review of the articles and specified 183 supplier evaluation criteria for general industries. Watt et al. (2009) introduced 901 supplier evaluation criteria. After a comprehensive review of supplier selection criteria, Setak et al. (2012) identified the criteria of price, quality, and delivery time as the most important and the most practical evaluation criteria. These criteria have been expressed generally and regardless of the type of industry and company while the supplier selection criteria of each organization are determined by the organization experts and decision-makers depending on the type of industry and the specific circumstances of each organization.
A lot of methods have been used for selecting the supplier and the first written evidence traces back to 1968 including multiple attribute decision making (MADM), mathematical programming, artificial intelligence, fuzzy set theory, and combinations of these methods. Some of the methods are briefly discussed in the following.
Shannon Entropy: when the data of a decision making matrix are fully specified, the entropy method can be used to evaluate the weights. In information theory, entropy is a measure of uncertainty which is expressed by the identified probability distribution pi (Azar & Rajabzadeh, 2011) .
Analytic Hierarchy Process (AHP) (Saaty, 1988 (Saaty, , 1990 : in this method, the components on each level of the hierarchy are compared in pairs and their relative preferences to each other are specified. This method is not applicable when there are a large number of options or criteria or when they are correlated (Sepahvaand, 2014) .
Simple Additive Weighting Method (SAW): is a simple method which is capable of ranking the options. In this method, the data should be normalized linearly and there should be no correlation between the criteria. Otherwise, it might lead to wrong results (Azar & Rajabzadeh, 2011) .
Technique for Order Preference by Similarity (TOPSIS) (Hwang & Yoon, 1981) : this technique is based on the concept that the selected option should have the minimum distance to the positive ideal solution (Ai + ) and the maximum distance to the negative ideal distance (Ai -). It should be noted that in this method the data should be normalized via Euclidean norm (Feizi & Solookdar, 2014) .
Artificial Neural Network (ANN): by processing the existing data, ANN transfers the knowledge or the principles behind the data into the network structure and learns the general rules based on calculations on numerical data or examples (Kabir & Sumi, 2013) .
Each supplier selection method has its own advantages and disadvantages. MADM methods are very simple and applicable ones, but they strongly depend on subjective judgments of the decision makers (Khalili et al., 2013) because these methods require the criteria weight for evaluation; any mistake in determining the weights will lead to unreliable results. Moreover, the credibility of the majority of MADM methods is questioned when there is interdependence between the criteria. Another disadvantage of these methods is the high volume of calculations for finding paired comparisons and lack of their application in uncertainty and imprecise conditions. Furthermore, it is very difficult to use them when there is a large number of criteria or options (Amiri and Jahani, 2010; Karbasian et al., 2011; Ozkan & Inal, 2014; Mohaghari et al., 2014) . Mathematical programming is also confronting a big problem for considering the qualitative criteria. These methods need arbitrary ideal levels and can't match with the subjective characteristics of the decision makers. They also contain complexity and difficult mathematical computations (Pal et al., 2013) .
ANN method, which is a subset of artificial intelligence methods, is a new method for evaluating and selecting suppliers. Since these methods automatically learn from historical data, they do not have to determine the weight of criteria. Thus, they do not depend on subjective judgments, learn the linear relationship between dependent and independent variables very easily, are very accurate and fast, and have better performance than the traditional methods particularly when there are a lot of criteria or options and also in uncertainty and complex conditions (Boer, 2001; Luo et al., 2009; Kuo et al., 2010; Vahdani et al., 2012; Alexander et al., 2014) . One of the disadvantages of these methods is that they need large amounts of data for network training, and for newly established companies or the companies that have not been previously cooperating with the suppliers the data should be created according to the experts' ideas which will be followed by the risk of subjective judgment.
Many studies conducted in the field of supplier selection have made use of MADM methods and particularly AHP. In a few cases, TOPSIS, SAW, and ANN methods have been used some of which will be mentioned. Choy et al. (2003) used ANN method to benchmark the potential suppliers in an airconditioning manufacturing company and then used case based reasoning (CBR) technique to select the best suppliers. Franklin et al. (2005) offered a new method called voting analytic hierarchy process (VHP) to select the furniture industry suppliers. In this method, a new weighting is used instead of AHP pairwise comparison for supplier selection. Ha and Krishnan (2008) selected the suppliers of a car spare part manufacturing factory. They first used AHP method to evaluate the suppliers' performance with regard to qualitative criteria. Then, they transferred the remaining quantitative criteria along with each supplier scores which were calculated by AHP to DEA and ANN in order to measure the efficiency of each supplier performance. Wu (2009) made use of two modules with numerical examples to select suppliers. In the first module, he divided the suppliers into two efficient and inefficient groups based on the obtained efficiency scores and by using DEA. In the second module, he used the data associated with the supplier performance in ANN model and decision tree. Luo et al. (2009) selected some potential suppliers among a lot of suppliers in electrical machinery and equipment manufacturing industry in China by making use of ANN at early stages of supplier selection. They ultimately stated the method was very applicable when there were a lot of suppliers. Karimi and Salmasi (2010) selected evaluation criteria in ISOICO Company using ANN and then they used data mining to determine the credit level of the suppliers. Aksoy and Ozturk (2011) used ANN to evaluate the suppliers of JIT system in a car manufacturing company. Zeydan et al. (2011) used a combined approach to select suppliers for a car manufacturing company. First, they used fuzzy AHP to determine the weight of criteria and then they used fuzzy TOPSIS method to evaluate the suppliers. Finally, they converted qualitative criteria to quantitative ones and entered the data into DEA. Karbasian et al. (2011) used fuzzy AHP to determine the weight of suppliers' agility measurement criteria and then used fuzzy TOPSIS to rank six suppliers and at the same time used interpretive structural model to interpret the effect of criteria on the agility of the suppliers. Arabzade (2011) used ANN for classification of purchase items and primary supplier evaluation with numerical examples and then used the Shannon entropy to rank the suppliers based on the purchase items. Mokhtari et al. (2013) used fuzzy AHP to determine the weight of criteria and then used fuzzy VIKOR method to evaluate the suppliers of a textile factory. Lakshmanpriya et al. (2013) first determined the weight of criteria and suppliers using AHP and then selected the best suppliers in a transformer manufacturing company using ANN algorithm. Seydi and Mozafari (2014) used fuzzy TOPSIS method for supplier evaluation with numerical example and then applied mixed integer linear programming to allocate orders to the suppliers. Rouyendegh and Saputro (2014) selected the suppliers by numerical examples in two stages. In the first stage, they found the best suppliers by using fuzzy TOPSIS model and in the second stage they combined both qualitative and quantitative criteria of supplier evaluation by using Multi-Choice Goal Programming.
Research Method
This is an applied research in nature (objective or orientation) because general models have been used for selecting the suppliers. The research population includes suppliers of raw milk Zarrin Ghazal Company (producing ice cream and dairy).Manufacturing systems of dairy factories are very similar to JIT systems because of early spoilage of raw materials, so that the raw materials are supplied for the factory on a daily basis and the products are distributed to the market immediately after production. This has led to the removal of warehouses. Therefore, evaluating and selecting suppliers in such companies are more important than any other companies. Since none of the suppliers is able to supply the required capacity of the company by itself the problem is multiple sourcing; and since the research aims to compare MADM and ANN methods for supplier evaluation, MADM methods are needed to rank the suppliers.
SAW and TOPSIS methods are appropriate for this purpose, and since these methods require the weight of criteria for calculation and the weights greatly affect the results, the Shannon entropy and AHP are used to determine the weight of criteria and then the results will be compared. Supplier evaluation criteria include quality, delivery time, production capacity, price, geographical location, commitment, and transportation service (Abbasi & Asgari, 2014) . Since there should not be any correlation between the criteria, price which is directly correlated with quality (the better the quality, the higher the price) will be removed from the criteria. In ANN method, there is no need to determine the weight of criteria and their correlation is not important, either; however, as we intent to compare the results of three methods the abovementioned criterion is also eliminated in this method. Finally, the results will be compared using the measurement tools such as RMSE, NRMSE, and R 2 . The tool used in this research to collect data is the interview and data analysis tools are MATLAB, TOPSIS solver, Expert choice, and Excel software.
Data Implementation

Data Implementation Using ANN Model
In this study, the most famous ANN model, that is, multilayer perceptron (MLP) has been used. Perecptron network includes an input layer, an output layer, and one or several hidden layers. The number of hidden layers and the type of functions are determined by the researcher and by testing the number of different layers and functions. Each function and number of layers which have lower RMSE and higher R 2 are more desirable. In this research, more than 500 experiments have been carried out to achieve an optimal network. In order to reduce the size of tables, the most desirable results are displayed in Table (1) . According to the results of RMSE and R 2 which are displayed in Table 1 , the network with two hidden layers and sigmoid logarithmic functions is the best option that is selected. Moreover, input layers contain 6 neurons (supplier selection criteria), hidden layers contain 5 and 10 neurons, respectively and output layer contains one neuron (each supplier point). In order to achieve better responses, the input data of network have been normalized linearly. The network has been trained by 100 data, and the network itself selects 70% of the data as training data, the next 15% as checking data, and the last 15% as testing data. Using training data, the network learns and finds the hidden pattern between the layers. Checking data are used to prevent over-fitting, and testing data are used for prediction (15 sample suppliers in this research entered the network as testing data). MATLAB R2014a software is used to run ANN.
Logsig(n)=
(1) 
Data Implementation Using MADM Methods
In this section the sample data are run using SAW and TOPSIS methods. As mentioned before, the data should be normalized as linear norm for SAW and Euclidean norm for TOPSIS. Moreover, the weights of criteria should be determined, as well. The weights have been determined once through the Shannon entropy and another time through AHP (Table 2 illustrates the determined weight of criteria by both methods). It should be noted that Excel software is used for SAW and Shannon entropy, TOPSIS Solver 2012 v3.2 software is used for TOPSIS method and Expert Choice 11 software is used for AHP method and the inconsistency rate of AHP pairwise comparison is 0.04 which is smaller than 0.1, indicating the acceptable precision of the pairwise comparison. In Table 2 , the weights of 1, 2, 3, 4, 5, and 6 are respectively related to quality, delivery time, production capacity, geographical location, commitment, and transportation service. 
Results and Discussion
In this section, supplier evaluation in each criterion and the output of three methods are explained as shown in Table 3 . Quality represents the average microbial load per one milliliter of milk which is calculated whenever the milk enters the company (this criterion has a negative nature, i.e. the lower the better). Delivery time and commitment are evaluated by the experts according to the Likert 5-point scale as excellent (5), good (4), average (3), poor (2) and unacceptable (1) (positive). Production capacity indicates the tons of milk the supplier is able to produce per day (positive). Geographical location is calculated based on the distance of supplier from the company (negative). Transportation service indicates that whether the supplier has a tanker to transport milk to the company or not; Yes (1), No (0) (positive). To assess the utility of the methods and to compare them with each other RMSE, NRMSE, and R 2 methods have been used. The results are summarized in Table (4) . (The table associated with RMSE is organized from small to large). The values are numbers between 0 and 1 due to the normalized data.
As the RMSE and NRMSE get closer to 0 and R 2 gets closer to 1, the method is more efficient. 
Where is the real output, ̂ is the output predicted by the network, n is the number of the data, ̅ is the mean of real outputs and ̅ is the mean for the predicted outputs
Comparison of the results shows that ANN performance is significantly better than the other two methods, so that it got a much lower score in RMSE and NRMSE criteria and a much greater score in R 2 . The performance of SAW and TOPSIS when the criteria are determined by AHP method is very different from the time when their performance is determined by Shannon entropy which indicates the significant effect of the weight of criteria on performance in MADM methods. Nevertheless, determining the weight of criteria by AHP method has led to better results and lower errors. Moreover, the comparison of the results of TOPSIS and SAW methods in both weighting methods show that TOPSIS performance is relatively better than SAW performance.
Conclusion and Suggestions
Producers with JIT production systems require long-term relationships with reliable suppliers because the reliable suppliers enable the producers to reduce the cost of inventory and to improve the quality of products. Therefore, selecting appropriate suppliers for producers is highly important (Aksoy & ozturk, 2011) and they should be selected via a proper method. Hence, this study has sought to investigate and introduce an appropriate method for this critical decision. Therefore, it has compared two appropriate methods of supplier selection, i.e. MADM and ANN methods in Zarrin Ghazal Company (whose production system is like JIT system). Since none of the suppliers is able to supply the required capacity of the company by itself the problem is multiple sourcing. In order to use MADM methods, the criteria must be independent of each other and their weight should be determined, as well. Therefore, price is eliminated due to its correlation with quality and in order to assess the effect of the weights of criteria on the methods, the weights have been determined through AHP and Shannon entropy methods.
The accuracy of different methods has been assessed using the measurement standards of RMSE, NRMSE, and R 2 . The results indicate much better performance of ANN than MADM methods. Furthermore, the results indicate high dependency of MADM methods on the weights of criteria, so that the results with similar methods and data were significantly different for different weights. Nevertheless, determining the weight of criteria by AHP method has led to better results and lower errors. Moreover, in both weighting methods TOPSIS performance is relatively better than SAW performance. As ANN learns the rules that lie beyond the data from historical data, it does not need the weights of criteria and so its prediction and evaluation is much more accurate. Moreover, this method deals with the criteria dependency very easily.
The results of the other studies that have previously used ANN method are as the following. Choy et al. (2003) showed that ANN significantly reduces the outsourcing cycle time (since seeking the potential supplier until allocating orders). Ha and Krishnan (2008) have concluded that ANN considers both quantitative and qualitative criteria and is also appropriate for supplier selection in single sourcing and multiple sourcing. Wu (2009) concluded that ANN can deal with complexity and uncertainty and also tangible and intangible criteria quite well. Luo et al. (2009) concluded that this method works very well when there are a lot of suppliers, and it considers both quantitative and qualitative criteria, is able to learn, is easier than fuzzy methods, can classify the suppliers quickly and automatically, and the company decision makers don't need to know the details to work with ANN and should just enter the data to the network. The network automatically produced the outputs. Aksoy and Ozturk (2011) have figured out that this method is very efficient and effective in JIT production conditions. The results of the research are consistent with previous findings.
The following points can be offered as suggestions.
1. The companies that are planning to use ANN for supplier selection are suggested to keep all their experiences in this field in the firm as documentation because ANN requires historical data for training. Moreover, more accurate evaluation of suppliers will lead to the increase of network accuracy and better results.
2. Zarrin Ghazal Company is suggested to encourage its suppliers to promote capacity, quality, and commitment by applying some methods such as sharing the profits with them because JIT systems require long term relationships with a few suppliers.
3. In future studies, it is possible to investigate the performance of implemented model in fuzzy space and compare the results with the finding of the present research.
